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By now many gravitational wave (GW) signals have been detected by LIGO and Virgo, with
the waves reaching earth directly from their respective sources. These waves will also travel to
different pulsars and will cause (tiny) transient deformations in the pulsar shape. Some of us have
recently shown that the resultant transient change in the pulsar moment of inertia may leave an
observable imprint on the pulsar signals as detected on earth, especially at resonance. The pulsars
may thus act as remotely stationed Weber gravitational wave detectors. This allows us to revisit the
past GW events via pulsars. We give here a list of specific pulsars whose future signals will carry
the imprints of past GW events, to be specific we constrain it within 50 years. Some interesting
cases are, supernova SN1987A with earliest perturbed signals from pulsars J0709-5923 and B0559-
57 expected to reach earth in 2023 and 2024 respectively, Crab supernova, with perturbed signal
arrival date from pulsar J1856-3754 in 2057, and GW170814 event with its imprints on the signals
on the pulsar J0437-4715 reaching earth between 2035-2043. Even the earliest recorded supernova
SN185 event may become observable again via pulsar J0900-3144 with the perturbed pulsar signal
reaching us sometime between 2033-2066. Importantly, even though the strength of the signal will
depend on the interior properties of the pulsar, the expected dates of signal arrival are completely
model independent, depending only on the locations of the source and the relevant pulsar.
INTRODUCTION
Detection of gravitational waves (GW) has opened a
new chapter in observational astronomy. A number of
GW sources have been detected by LIGO and Virgo [1]
ranging from coalescing black holes (BH) to binary neu-
tron star (BNS) mergers. A BNS merger allows much
better localization of the source due to electromagnetic
radiations accompanying the GW signal. The same is
not true for BH mergers where GW source localization
is very hard with very few GW detectors. Recently some
of us have proposed [2] that sensitive monitoring of pul-
sars can be used to detect the arrival of GW signals on
those pulsars. This possibility arises due to deformations
caused by the gravitational wave (GW) passing through
a pulsar leading to a transient variation in its moment of
inertia. This affects the extremely accurately measured
spin rate of the pulsar as well as its pulse profile (due
to induced wobbling depending on the source direction).
The effect will be most pronounced at resonance. We
thus proposed that the pulsars, in this sense, act as re-
motely stationed Weber detectors of gravitational waves
whose signal can be monitored on earth [2].
This allows for a new possibility of detecting signals
of GW events (or any other astrophysical event affecting
pulsar moment of inertia such as phase transitions oc-
curring inside a pulsar as discussed in [3]). Further, this
allows us the possibility of re-visiting past GW events,
e.g. those which have already been detected by GW de-
tectors. This can give further information about the GW
source, and also new information about the relevant pul-
sar interior (in the manner its pulses carry the imprints
of the GW signal). This also will allow for better trian-
gulation of the original source location which is of crucial
importance for black hole mergers which only emit grav-
itational waves. Particularly important are the cases of
those events whose GW signal detection has been missed.
For example, many supernova events have been identified
within our galaxy from astronomical records around the
world. Any GW emission from these events should have
relatively strong effects on the galactic pulsars. (Espe-
cially for type-II supernova [4] with estimated GW strain
amplitude reaching as high as 10−20 at a distance of 10
kpc from the source [4], though even for Type IA super-
nova the GW signal may be strong [5].) Observing these
pulsars in future (or, from the past recorded pulse data)
has the possibility of identifying the signals of these su-
pernova events hidden in the pulsar signal. In this paper
we have analyzed specific GW events which have been
detected so far [1], as well as specific supernova events
which are available from astronomical records [6]. We
then consider the locations of a list of pulsars (a total of
2659 pulsars) from ref. [7] and calculate the arrival time
of perturbed signals on earth. We limit listing of results
here to those pulsars whose signals will reach earth within
50 years. We mention some interesting cases for the ear-
liest signal arrival dates. For supernova SN1987A [8], we
find that perturbed signals from pulsars J0709-5923 and
B0559-57 are expected to reach earth on 5/9/2023 and 7/
8/2024 respectively, with many more pulsar signals ex-
pected in subsequent years. We give the date of earliest
signal arrival in days and months also even though the er-
ror estimates (from errors in source and pulsar location)
are in years. This is only meant to reflect the exactly
known date of the source, and to illustrate the possibility
that with improvements in various observations (source
and pulsar locations), in principle, a very precise date of
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2signal arrival on earth could be predicted. We will give
error estimates, wherever available, in the table below.
For Crab supernova [9], we find the signal arrival date
from pulsar J1856-3754 in March 2057 with error of one
year (from the error in Crab source distance). Among
the merger events detected by LIGO/Virgo, GW170814
event will have its imprints on the signals on the pulsar
J0437-4715 reaching earth between 2035-2043.
We first recall basic results from ref. [2]. Deforma-
tions in the shape of neutron star (NS) result from the
changes in the Riemann curvature tensor Rµνλρ as the
metric undergoes periodic variations due to gravitational
wave passing through the NS. This induces a change in
its quadrupole moment Qij which can be written in the
following form [11]:
Qij = −λdEij , (1)
Here Eij is the external tidal field. λd is the tidal de-
formability which can be expressed in terms of the radius
R of the neutron star and the second love number k2,
λd =
2
3
k2
R5
G
. (2)
The value of k2 is constrained to be in the range k2 '
0.05 − 0.15 from the observations of the recent BNS
merger [12]. By writing Eij = Ri0j0 in terms of the GW
strain amplitude h for a specific polarization and using
transverse traceless (TT) gauge, one gets [13]:
Exx = −Eyy = 2pi
2hc2
λ2
, (3)
Here λ is the wavelength of GW, and we use h to denote
the GW strain amplitude h+ for the + polarization. By
taking an initial spherical shape and considering ellip-
soidal deformation, Eq.(1) gives the resulting change in
the quadrupole moment tensor. Using that we calculate
the change in the moment of inertia tensor for a neutron
star of mass M as [2]
∆Ixx
I
= −∆Iyy
I
' k2
3
R3c2
GMλ2
20h (4)
We take sample values with M = 1.0M and R = 10 km,
and use k2 = 0.1. To get high sensitivity λ needs to be
small, at the same time validity of Eqn.(1) requires λ to
be much larger than NS radius R. For the astrophysical
source of GW, we consider binary NS merger (such as the
one observed by LIGO and Virgo) with the highest value
of GW frequency being about 1 kHz (thus retaining the
validity of Eqn.(1)). We then get,
∆Ixx
I
' 10−2h . (5)
The BNS merger detected by LIGO-Virgo had peak
strength of the signal h ' 10−19 [12] with the source
distance estimated to be about 130 million light years.
Considering the prototype pulsar detector to be at a dis-
tance of, say, a thousand light years from the GW source,
resulting value of h at the pulsar-detector location will
get enhanced to h ' 10−14. (With most pulsars in our
galaxy located inside dense globular clusters, such a sit-
uation is not very unlikely. As we emphasized in [2],
this should provide motivation for detailed and precision
studies of pulsars very far away, especially extra-galactic
pulsars.
Fractional changes in the spin rate ν of the pulsar will
be the same as the fractional change in the MI. Thus, we
estimate changes in the spin rate of the pulsar for this
case to be
∆ν
ν
=
∆I
I
' 10−16 . (6)
Here, we have written ∆I for the change in the rele-
vant component of MI. Pulse timings of many millisecond
pulsars have been measured to an accuracy better than
10−15 seconds. Thus spin rate changes of order given
above are close to the detectable limits by precision mea-
surements of the pulses of such pulsars. Note that, at
resonance, the neutron star Weber detector will exhibit
ringing effect. Thus, even for a GW pulse, its effect will
be present in the pulsar signal for a much longer duration
allowing folding of a large number of pulses to achieve de-
sired accuracy. If the source-pulsar distance is smaller,
for example, when both are in the same globular cluster,
then the signal strength can be much larger.
The above estimates of changes of spin rate of NS have
not accounted for resonances for the increase of deforma-
tion amplitude. For this discussion, we refer to the earlier
paper [2] only mentioning the conclusion that there ap-
pears a good possibility that the neutron star interior acts
like a material of high quality factor Q, and the range of
frequencies considered here are precisely in the range in
which typical neutron stars have various resonant modes.
This should allow huge enhancement in the amplitude of
deformation, hence in the modification in the pulses of
the NS. For example, for the Weber detector, in principle,
one could get enormous amplitude enhancement at reso-
nance with Q factor of about 106. Even for a short pulse,
the ringing effect for Weber detector operating at reso-
nance helps in tremendously enhancing signal to noise
ratio. (Due to this ringing effect, the detector continues
to vibrate in the resonant mode for some time even after
the passing of the pulse through the detector. This time
can be about 10 minutes for a GW burst lasting only a
few ms, thereby allowing for separation between the ran-
dom noise and the signal. In the same way, if the pulsar
continues to ring for some time after the GW pulse has
passed through it, then the radio pulses will continue to
retain this definite frequency signal hidden within. Fold-
ing of many pulses may be able to separate this ringing
signal.)
3FIG. 1: GW from the source reach earth directly via path
C. These GW also reach a pulsar via path B affecting its
structure, hence its pulses. The affected pulses reach earth
via path A.
We had pointed out in [2] that our proposal provides
an opportunity to revisit the gravitational wave events
which have already been detected by LIGO/Virgo. For
this one should look for specific pulsars which would have
been disturbed by these events, and will transmit this dis-
turbance via their pulse signals in any foreseeable future.
If these future pulsar events can be predicted with ac-
curacy then a focused effort can be made to detect any
possible changes in the signals of those specific pulsars.
Any possible such detection will give valuable informa-
tion about the GW source as well as the neutron star
parameters of the relevant pulsar (such as equation of
state). Interestingly, this also gives a possibility to ac-
tually detect those events whose GW signal detection
has been missed. For example, many supernova events
have been identified within our galaxy from astronomi-
cal records around the world. Any GW emission from
these events (especially for type-II supernova [4] with es-
timated GW strain amplitude reaching as high as 10−20
at a distance of 10 kpc from the source, see also, [5])
should have relatively strong effects on the galactic pul-
sars. Observing these pulsars in future (or from past
recorded pulse data) has the possibility of identifying the
signal of these supernova events hidden in the pulsar sig-
nal.
Fig.1 shows a typical GW event where the emitted GW
from the source reach earth directly via path C. These
GW also reach a pulsar via path B affecting its structure,
hence its pulses. The affected pulses reach earth via path
A. The time when the affected pulses should reach earth
(measured from the time when GW event was directly
seen/detected on earth) is simply the light travel time
for the path difference A + B − C. We have taken the
GW events from the catalogs [1, 6] and the pulsar data
from the catalog [7], and have determined the affected
signal arrival date. To contain the size of the data for
presentation here we limit to the cases when the earli-
est signal arrival date is within next 50 years. We also
include only those cases where the error estimates (when-
ever available) limit the uncertainty in the signal arrival
date within additional 50 years.
TABLE I, presents the signal arrival dates for future
in the next 50 years. We list here the source of the gravi-
Source Pulsar Min. date Mean Max.
mm/dd/year year year
GW150914 J0736-6304 4/24/2031 2031 2081
GW170814 J0437-4715 1/14/2035 2038 2043
GW170817 J1400-1431 5/21/2048 2048 2052
GW170818 J2307+2225 12/ 2/2031 2037 2066
SN185 J0900-3144 9/ 5/2033 2049 2066
SN1006 B1944+17 4/ 7/2029 2032 2035
J0633+1746 4/10/2032 2032 2033
J0108-1431 11/28/2033 2034 2036
J2124-3358 10/23/2038 2044 2050
Crab J1856-3754 3/21/2057 2057 2058
J0919-42 6/21/2058 2076 2106
SN1604
J1734-3058 6/15/2019 2029 2040
J1759-1956 3/ 1/2020 2039 2060
J1736-3511 4/24/2025 2030 2035
B1726-00 2/21/2027 2029 2031
J1738+04 (2027-2030), B1734-35 (2031-2040),
J1800-0125 (2033-2037), J1832+0029 (2034-2036),
J1911-1114 (2035-2038), B1800-21 (2035-2070),
J1654-23 (2037-2064), J1851-0053 (2045-2048),
J1609-1930 (2054-2060), B1732-02 (2062-2068),
J1754-3510 (2063-2074), B1804-12 (2064-2078),
J1758-2630 (2065-2101), J1717+03 (2067-2070).
SN1885
J0139+33 11/12/2024 2024 2024
B2310+42 11/19/2030 2030 2030
J2302+4442 2/22/2031 2031 2031
J0103+54 4/ 1/2060 2060 2060
B2334+61 8/ 9/2064 2064 2064
J2307+2225 7/21/2065 2065 2065
SN1987A
J0709-5923 5/ 9/2023 2023 2023
B0559-57 7/ 8/2024 2024 2024
B0923-58 8/ 1/2024 2024 2024
J0621-55 11/15/2024 2024 2024
J0437-4715 (2028-2029), B0403-76 (2034),
J0656-5449 (2041), J1107-5907 (2050),
J1017-7156 (2050), B1055-52 (2052),
B1014-53 (2055), J0849-6322 (2060),
J1000-5149 (2062), B0901-63 (2064).
TABLE I: GW signal arrival dates for next 50 years. The
GW sources and the relevant pulsars are listed along with the
earliest date expected for the perturbed pulsar signal to reach
earth (Min. date), the mean value of the year (Mean year)
and the maximum year (Max. year). The mean year value
here corresponds to the specific values of the distance and the
coordinates listed for the GW event and the relevant pulsar,
while minimum and maximum dates are calculated using var-
ious errors given for these quantities (wherever available). We
give the date of earliest signal arrival in days and months also
even though the error estimates are in years. This is only
meant to reflect the exactly known date of the source, and
to illustrate the possibility that with improvements in various
observations (source and pulsar locations), in principle, a very
precise date of signal arrival on earth could be predicted.
tational wave and the pulsar whose perturbed pulses will
reach earth. Keeping track of various errors wherever
available (in the locations of the source and the pulsars)
[10], we give the earliest date expected for the signal to
reach earth (Min. date), the mean value of the year
(Mean year) and the maximum year (Max. year). The
mean year value here corresponds to the specific values
of the distance and the coordinates listed for the GW
event and the relevant pulsar, while minimum and maxi-
mum dates are calculated using the errors given for these
quantities. For few cases there was a long list of pulsars
(even with the limit of 50 years for their signal arrival
date on earth). (To save space, we have listed only few
cases in detail and remaining entries are listed in the
4format pulsar (min year - max year), (e.g. for SN1604,
SN1885, and SN1987A). When max year and min year
are the same then it is listed as pulsar (year).) The error
estimates are not very exhaustive here, and more effort is
needed to give more reliable estimates for this. But the
mean value is calculated with the mean values for dis-
tances and coordinates available, giving clear idea that
many such events could be observed in very near future.
We give the date of earliest signal arrival in days and
months also even though the error estimates (from errors
in source and pulsar location) are in years. This is only
meant to reflect the exactly known date of the source,
and to illustrate the possibility that with improvements
in various observations (source and pulsar locations), in
principle, a very precise date of signal arrival on earth
could be predicted. For example, for supernova SN1987A
we find that perturbed signals from pulsars J0709-5923
and B0559-57 are expected to reach earth on 5/9/2023
and 7/8/2024 respectively, with many more pulsar sig-
nals expected in subsequent years. For Crab supernova,
we find the signal arrival date from pulsar J1856-3754
in March 2057 with error of one year (from the error
in Crab source distance). Among the merger events de-
tected by LIGO/Virgo, GW170814 event will have its
imprints on the signals on the pulsar J0437-4715 reach-
ing earth between 2035-2043. Interestingly, even for the
earliest observed supernova SN185 (recorded in the year
185 AD), we have a possibility of observing the original
event imprinted on the signal of pulsar J0900-3144 which
will reach us sometime between 2033-2066.
In TABLE II, we have presented the data for those
past events where signal arrival date lies between 1967-
2019. This is with the idea that since the discovery of
pulsars, whatever data may have been recorded, in prin-
ciple, it could be analyzed to identify and imprints of
those events. We have avoided listing those events for
which the uncertainty (in terms of known errors in loca-
tions) is larger than 50 years, even if the earlier dates are
within next few years. Including those cases makes the
list too large for presentations. Our purpose here is to
show the feasibility of this proposal with few test cases
where signal arrival date is very likely within a couple of
decades.
From Fig.1 we also note that relative directions of the
GW propagation and the pulsar spin will lead to differ-
ent effects on the pulse timing and profile which can be
analyzed to get information about source direction even
with a single pulsar-detector observation. It also shows
an interesting possibility of directly observing any circu-
larly polarized gravitational wave (which could arise in
supernova explosion depending on the pre-explosion hy-
drodynamics [14]) by its direct effect on the spin rate and
the pulse profile of the pulsar.
Main conclusion of our paper is that different GW
events can be observed again and again via pulsars which
are affected by these GW events. This gives a remarkable
Source Pulsar Min. date Mean Max.
mm/dd/year year year
SN185 J2241-5236 2/ 1/1968 1985 2004
J1858-2216 6/ 7/2015 2031 2049
SN1006 J0934-4154 3/21/1989 1997 2006
J0621-55 11/27/1989 1994 1999
B1118-79 5/ 3/1994 2011 2029
J1729-2117 3/21/1999 2022 2048
B1919+21 8/20/2006 2009 2012
Crab J2322-2650 8/ 5/1996 2005 2017
SN1604
J1755-2534 12/ 8/1968 1983 1998
J1758-1931 10/13/1970 1986 2004
J1725-2852 11/23/1970 1983 1997
J1756-2225 6/30/1971 1991 2013
B1642-03 (1974-1977), J1744-3130 (1979-1993),
J1105-43 (1984), B1919+21 (1984),
B1944+17 (1992-1993), J1737-3102 (1994-2011),
J1000-5149 (2004-2005), J1813-1246 (2004-2013),
B1740-31 (2007-2023), J1759-3107 (2008-2021),
B0538-75 (2009), B1612-29 (2010-2015),
J1750-28 (2015-2041), J1741-3016 (2016-2038).
SN1885 J0242+62 4/ 5/1969 1969 1969
B0052+51 4/26/1987 1987 1987
J0059+50 11/ 9/1995 1995 1995
B0045+33 10/15/2000 2000 2000
J0106+4855 8/13/2001 2001 2001
SN1987A
J0540-7125 6/24/1988 1988 1988
B0538-75 1/21/1990 1990 1990
J0711-6830 4/ 1/1991 1991 1991
J0749-68 12/26/1994 1994 1994
J0736-6304 (1996), J0511-6508 (1996),
J0834-60 (2007), J0457-6337 (2018).
TABLE II: GW signal arrival dates for past 50 years.
possibility of visiting past GW events which we missed,
e.g. allowing us to observe the actual signal of past su-
pernova events, especially in our galaxy. The most im-
portant message here is that the dates which are pre-
dicted are completely model independent, simply follow-
ing from the coordinates of the source and the relevant
pulsars. Model details come in estimating the strength of
the signal. We have argued that the signal should be in
the observational limit (especially when pulsar deforma-
tions are in resonance). However, we know that there are
many uncertainties about the interiors of neutron stars,
one of the most important factor being the quality factor
Q affecting the resonance effects. Irrespective of these
concerns, we must acknowledge that the dates when the
perturbed signal reaches us can be determined precisely
(with proper error estimates), and on those dates (or,
during those periods) we must carry out detailed ob-
servations of pulsar signals so that we do not miss out
the great opportunity of revisiting past events. If this
proposal works, it will open up an entirely new way of
observing GW events in the sky.
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